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In order to simulate beams and columns during the process of building collapse, a nonlinear beam element with
explicit algorithms was studied. Based on the explicit finite element theory, the element adopted the updated P FERBE
Lagrange formulation, considered the non-swapable rotation and applied the Co-Rotational method to separate the
deformation displacement and rigid displacement. The material nonlinearity was considered through the stress-

update algorithm. The numerical result shows that the beam element used for the engineering numerical simulation

has very good mechanical performances.

Key words: explicit beam geometrical nonlinear nonlinear dynamic analysis large displacement large rotation

e A H 391: 2011-03-08;

PACS: 0241.82

ST

ExK “+—H” BHESHETRIRE D H (2006BAJ0O3A03)

WwREH: TR

IR AL

JitEE A n vt AT R K AR ek s ok 5 B [0]. LAED0%%, 2012, 29(11): 16-020.

WAN Fu-lei,LI Yun-gui. A BEAM ELEMENT WITH EXPLICIT ALGORITHMS FOR LARGE DISPLACEMENT AND LARGE ROTATION DYNAMIC ANALYSIS[J]. Engineering
Mechanics, 2012, 29(11): 16-020.

HEEAL
http://gclx.tsinghua.edu.cn/CN/10.6052/j.issn.1000-4750.2011.03.0109



(11
[1]

(21
[2]

(=]
[3]

[4]

[5]
[4]

[6]
[5]

[7]
[6]

[8]
[7]

[e]
(el
[10]

[e1

[11]

[10]

[12]
[11]

[13]

[14]

[12]

[11
2]
(31
[4]
(51
(61
[71
(el

BEAT AR B AR SO K R A5 B

BBathe K J, Bolourchi S. Large displacement analysis of three-dimensional beam structures [J]. International Journal for Numerical Methods in
Engineering, 1979(14): 961—986.

Oran C. Tangent stiffness in space frames [J]. Journal of Structural Divisions, ASCE, 1973, 99: 987—1001.

PRk e gi iR e tEIM]. dEat: B L, 19981 25—27.

Shen Shizhao. Stability of reticulated shell structure [M]. Beijing: Science Press, 1998: 25—27. (in Chinese)

Yoshida Y, Masuda N, Mormoto T, Hirosawa N. An incremental formulation for computer analysis of space framed structures [J]. Journal of Structural
Mechanics and Earthquake Engineering, JSCE, 1980, 300: 21—32.

Yang YeongBin, Kuo ShyhRong. Theory and analysis of nonlinear framed structures [M]. Singapore: Prentice Hall, 1994: 506—511.

Ted Belytschko, Wing Kam Liu, Brian Moran. Nonlinear finite elements for continua and structures [M]. John Wiley & Sons Ltd., 2000: 1—22. crossfe!

Ted Belytschko, Schwer L. Large displacement transient analysis of space frames [J]. International Journal for Numerical Methods in Engineering, 1977
(11): 65—84.

Argyris J H. An excursion into large rotations [J]. International Journal of Computer Methods in Applied Mechanics and Engineering, 1982(32): 85—155.

Crisfield M A. A consistent co-rotational formulation for non-linear, three-dimensional, beam elements [J]. Computer Methods in Applied Mechanics and
Engineering, 1990(81): 131—150.
JGERE, FFr. BT ULEMCRANA =4 o ei A ] PRI ACH K% 244k, 2006, 41(6): 690—695.

Zhou Lingyuan, Li Qiao. Updated lagrangian co-rotational formulation for geometrically nonlinear fe analysis of 3D beam element [J]. Journal of
Southwest Jiaotong University, 2006, 41(6): 690—695. (in Chinese)

sk, TOREF. HEBNJ2# M), dbnt: e RsE, 2003: 147 —155.

Zhang Xiong, Wang Tianshu. Computational dynamics [M]. Beijing: Tsinghua University Press, 2003: 147—155. (in Chinese)

SEPRME, BREAR, TN =i R 0 U AR R OC AT [I]. TR 1%, 2007, 24(12): 19—24, 42.

Wu Qingxiong, Chen Baochun, Wei Jiangang. A geometrical nonlinear finite element analysis for 3d framed structures [J]. Engineering Mechanics,
2007, 24(12): 19—24, 42. (in Chinese)

R, XS, TiEfe, BT, Winklert JE FATBRKR AL A P 2h [J]. LFE %%, 2012, 29(8): 58-62.
N, VNG, Boeih. R TATIR R SR AR ) ARG AT A AT [3]. LR )%, 2012, 29(6): 63-69,84.
F5 AT PG, A S FRP Y 2 R 45 1) (1 KR A ) S 5 43 T 3], 2012, 29(5): 180-188.

5

44

JitEdG, Favt, — AT R RS EAELES) )y o 8 2046 [3]. , 2012, 29(11): 16-020.

ASYRAE, FRNLAR. HE T ILT5 AR b vk i A WIS P T B2 oo A etk 2y #T [J]. . 2012, 29(11): 143-151.

SR, FRNOAR. KT I AR b vk 1ty A WIS P Th S e AE etk 2 M [J]. REJI%%, 2012, 29(11): 143-151.
JitadE, Fuvt. AT R RS ALY s) kS B30 0], L)%, 2012, 29(11): 16-020.
ARGRAE, ARNLZR. e - LT AR bR 325 1 75 WIS S T 4 c AR e PE 23 BT [3]. , 2012, 29(11): 143-151.



o1

[10]
[11]
[12]
[13]
[14]
[15]

Z& SRR R AR JLAT R R AR 4 IR T 3], 2011, 28(HETI): 1-004.

FLIEAR ; BESEE; B/ . 2 18 i T 35k B R0 4] 2y A oo 1 o SRR MR 4 BT [J]. . 2011, 280 TIII): 115-118,.

W REAE  RER O 5 B, g LA 82 23 BT vh 2 ORI B B R A# [J]. . 2011, 28(8): 1-008.
XSk FR B AR s MO . DU 32 8 J\ 47 s g vk 1 10 B 1 JUART JE R PR 23 AT [J]. . 2011, 28(7): 6-012.

BHDE I 5 5N VR AR s RN, S AR WA A B AT AR R e L AT e Ar AT [I]. , 2011, 28(2): 62-068.
LI AT 305 S /NI 3 1 00Tl 28 1k 1 T vk = 3000 PR 7 3% 3 WF 5 [3]. . 2011, 28(11): 83-088.
M R My R A KA T ) L A B AR [3]. 5 2010, 27(E I : 43-047.

Copyright © 2012 T.f£7;% All Rights Reserved.

Huhk: JEsUHEREROKRIELL4E MBS 100084
Hifi: (010)62788648 f{LEl: (010)62788648 I T{iffi: gclxbjb@tsinghua.edu.cn
ARG AL R R R A R AR &R BORSZEF: support@magtech.com.cn



